Physical circulation measurements in Pamlico Sound, used to locate new oyster sanctuaries by Cudaback, Cynthia & Haase, Amy
 PHYSICAL CIRCULATION MEASUREMENTS IN PAMLICO SOUND, USED TO LOCATE NEW 
OYSTER SANCTUARIES 
 
Cynthia N. Cudaback* and Amy T. Haase 
 
  
The population of eastern oyster, C. virginica, has declined over the last century on most areas of the east and gulf 
coasts. North Carolina’s restoration efforts depend on the construction of subtidal oyster reefs to be used as 
broodstock sanctuaries in Pamlico Sound, NC.  Successful restoration of the oyster population requires several 
thriving reefs connected as a meta-population. C. virginica has a 2-3 week larval stage, during which it gradually 
settles through the water column.  Larvae that can travel from one reef to another during that stage form the basis of 
a meta-population. 
 
Larval transport can be predicted from physical measurements. In the summers of 2006 and 2007, we combined 
moored current measurements with freely drifting buoys to map the currents in Pamlico Sound.  Currents measured 
by moored instruments at existing oyster sanctuaries were used to predict larval dispersal envelopes. Data from the 
drifting buoys were used to develop a connectivity matrix. 
 
A dispersal envelope is the collection of all locations drifting larvae may access from a given location, during a 
given time interval.  We can predict the dispersal envelopes for each sanctuary using the current measurements thus: 
•  release a virtual larva every hour  
•  use observed currents to predict locations of each larva over 1-2 days 
•  as currents are only known at location, prediction cannot exceed 2 days 
•  virtual larvae that appear to cross land show limitation of the method 
• envelope should be taken as an outer limit for dispersal of real larvae. 
 
We can suggest a location for a new sanctuary by comparing dispersal envelopes from different locations (Figure 1).  
At each location, currents were measured during all wind conditions typical of the area, so envelopes predicted from 
different years may be compared.  One-day dispersal envelopes from existing sanctuaries reveal the general 
circulation patterns.  Currents at Crab Hole and Bluff Shoals run along the western shore, suggesting that a string of 
sanctuaries along that shore might be well connected.  The east-west trend of currents near Ocracoke Island reveals 
the influence of oceanic currents through Ocracoke Inlet. Currents measured at Gibbs Shoal reveal that a sanctuary 
there would improve connections along the western shore of Pamlico Sound.  At our suggestion, the DMF built this 
new sanctuary in 2009. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1: dispersal envelopes from existing and proposed oyster sanctuaries in Pamlico Sound. Locations of ocean 
inlets, which provide water and larvae to Pamlico Sound, are noted. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 We used all the drifter data to derive a connectivity matrix that shows how often passive drifters from any given 
location travel to any other location. 
1. Divide the sound into a grid of 6km squares. 
2. Count separate visits by drifters to each grid. Number of visits (2-17) is shown by the size of the blue dots 
(right). 
3. Count  moves from one grid to another.  
4. Probability of travel between two grids is shown by color: <33% (pink), 33-66% (red), >66% (green) 
 
Crab Hole sanctuary (northernmost blue dot) is well connected and well sampled. Easternmost part of Pamlico 
Sound is under-sampled, and may be better connected than it appears. 
 
Figure 2: A connectivity matrix for Pamlico Sound. Size of dots shows how many drifter samples were taken at each 
location. Thickness and color of lines indicates strength of connection between two locations. 
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Conclusions 
•  relatively simple physical observations can inform policy 
•  for dispersal times of <1 day, larval dispersal envelope can be predicted  from currents measured at a 
single location 
•  predicted larval dispersal envelope suggested location for a new oyster sanctuary 
•  connectivity matrix can be derived from drift buoy data, although parts of Pamlico Sound are under-
sampled 
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